Introduction
Baculoviruses are dsDNA viruses that mainly infect larvae of lepidopterous insects, and are of interest as agents to control insect pests and as expression vectors (Maeda, 1989) . Baculoviruses are divided into three genera: nuclear polyhedrosis viruses (NPVs), granulosis viruses (GVs) and non-occluded baculoviruses (Francki et al., 1991) . Although there have been many reports concerning the structure and regulation of gene expression in NPVs (Blissard & Rohrmann, 1990) , relatively little has been published on GVs.
Restriction endonuclease analysis has been used to identify baculoviruses and to detect genomic variation. We have isolated GVs from six species belonging to the genera Xestia, Autographa, Celaena, Pseudaletia, Aletia and Hydraecia in the Noctuidae. The isolate from X. c-nigrum has been described (Goto et al., 1985) , and because GVs are considered to be highly host-specific (Huger, 1963; Ignoffo, 1968) we initially assumed that our isolates would be separate viruses. To evaluate this assumption we conducted restriction endonuclease analysis of all the isolates, and here we report our results which show that all of the isolates are in fact the same GV with minor variations between isolates from different host species. Genomic variants of GVs have been detected in isolates from the same host species, such as Cydia pomonella (Crook et al., 1985) and Artogeia (= Pieris) rapae (Crook, 1986; Smith & Crook, 1988a) , and from closely related host species, such as Choristoneura spp. (Arif et al., 1986) . This is the first study to detect variants of one GV genotype from host species belonging to six different genera collected in the field.
Methods
Viruses. Two isolates of X. c-nigrum (spotted cutworm) GV (XcGV ct and XcGV fl), and an isolate from each of H. amurensis (HaGV), Celaena leucostigma (false sweet flag cutworm) (C1GV), Aletia pallens (ApGV), P. separata (rice armyworm) (PsGV), Autographa gamma (silver Y moth) (AgGV) and P. unipuncta (armyworm) (PuGV) were used. PuGV (Hawaiian strain) was obtained from Dr Y. Tanada and propagated in P. separata larvae. Other isolates were obtained from single larvae collected in the field in Memuro, Hokkaido, Japan from 1982 to 1987, except AgGV, which was obtained from a larva of A.
Hybridization. Viral DNA fragments that had been separated in agarose gels were transferred onto nylon membranes (Hybond-N, Amersham) as described by Southern (1975) using an alkaline transfer buffer (0-25 M-NaOH, 1.5 M-NaC1). DNA probes were labelled with [u-32p]dCTP (Amersham) using a random primer DNA labelling kit (Takara Syuzo). Hybridization was carried out in rapid hybridization buffer (Amersham) at 65 °C for 2 to 3 h and the membrane was washed under conditions recommended by the supplier. To define the zero point of the physical map, the granulin gene was located by hybridization to a labelled clone containing the granulin gene of Trichoplusia ni GV (TnGV) (Akiyoshi et al., 1985) , a generous gift from Dr Y. Hashimoto.
R e s u l t s

Restriction endonuclease profiles and cloning of fragments of XcG V DNA
Electrophoresis patterns of the X c G V (~ strain) g e n o m e digested with EcoRI, BamHI or BglII are shown in Fig.   1 . S u b m o l a r bands were not detected and this suggested that the virus p r e p a r a t i o n was homogeneous even though it was a wild isolate. F r a g m e n t s from each digest were lettered in a l p h a b e t i c a l order. The restriction endonuclease profiles are quite different from those of G V s isolated from P. unipuncta ( H a r v e y & T a n a d a , 1985), T. ni, Spodoptera frugiperda, Heliothis armiger, Plodia interpunctella (Smith & Summers, 1982) , C. pomonella ( C p G V ) (Crook et al., 1985) , Pieris brassicae and A. rapae ( A r G V ) (Crook, 1981) .
The sizes of the EcoRI, BamHI and BglII fragments of the X c G V genome are shown in T a b l e 1. T h e size of the entire genome was estimated to be a p p r o x i m a t e l y 179 k b p by s u m m i n g the sizes of the fragments generated by each restriction endonuclease.
Digestion of viral D N A with restriction endonucleases yielded m a n y fragments, some of which c o m i g r a t e d in agarose gels. In addition, there were some fragments larger than 23 k b p (the size of the largest f r a g m e n t of HindIII-digested 2 phage). To identify each f r a g m e n t 
Mapping of XcGV DNA
To construct a physical map of the XcGV ~ genome, the cloned plasmid DNAs were labelled and hybridized to To define the zero point of the map, the granulin gene was located by hybridization of Southern blots of XcGV DNA with a 32p-labelled clone of TnGV. The probe hybridized to a terminal region of the EcoRI C fragment, and this region of the fragment was subcloned and sequenced (C. Goto et al., unpublished data) . After sequencing, this fragment was found to contain most of the coding sequence of the granulin gene but lacked the 36 nucleotides encoding the 12 C-terminal amino acids and the 3' flanking region. It has been suggested that the zero point be defined as the first base of the granulin gene coding region (Smith & Crook, 1988a) ; in XcGV this is located 180 bp upstream from the BamHI site, between fragments D and N, and 703 bp upstream from the EcoRI site, between fragments C and L. The linear EcoRI, BamHI and BgllI physical maps of the XcGV genome are shown in Fig. 2(a) .
Comparison of restriction endonuclease profiles and mapping of G V isolates obtained from different noctuid species
All of our isolates gave very similar restriction endonuclease profiles, even though they had been obtained from different host species, and which were significantly different from those of PuGV. All isolates except PuGV showed their own distinctive restriction endonuclease profile with minor variation of some EcoRI, BamHI or BgllI fragments (Fig. 3 ). There were no visible submolar fragments in the restriction endonuclease profiles of the isolates except C1GV. This result indicates that the virus preparations were almost completely homogeneous.
Hybridization analysis using the genomic library of XcGV ~ revealed that all of the distinctive fragments of each isolate except PuGV resulted from addition or loss of restriction sites, and deletion or insertion of DNA. Some of these changes were common to several isolates, e.g. the loss of the EcoRI site between fragments A and H ( Fig. 4a ; see also Fig. 2b ), or the small insertion in EcoRI fragments M (Fig. 4b) and T (Fig. 4c ). There were also changes unique to particular isolates, e.g. the addition of an EcoRI site in fragment H (Fig. 4a) and a BgllI site in fragment C (data not shown), the loss of the EcoRI site between fragments T and J (Fig. 4c ) detected in AgGV, and the loss of the EcoRI site between fragments K and P in C1GV.
In this report, we lettered fragments following the system proposed by Smith & Crook (1988a) . A single fragment resulting from the loss of a restriction site between two smaller fragments was identified with both letters of the two smaller fragments, e.g. the loss of the restriction site between the EcoRI A and EcoRI H fragments in XcGV ~ resulted in the EcoRI AH fragment in XcGV ft. Two fragments resulting from an additional site in one fragment are both identified with the letter of the reference virus fragment and distinguished by a number following the letter, e.g. an additional site in the BamHI C fragment (XcGV ~) resulted in fragments BamHI C1 and BamHI C2 in HaGV. The designations and sizes of the variant fragments are shown in Table 2 . Physical maps of each isolate were constructed and the differences between each isolate and XcGV ct are shown in Fig. 2(b) .
Hybridization of labelled clones of XcGV ct to Southern blots of PuGV DNA digested with EcoRI suggested that the similarity between these two GVs was high in a large proportion of the genome, despite the significant differences in their restriction endonuclease profiles. Of the 10 cloned plasmids used as probes, seven (containing the EcoRI C, D, F, H, J, L and P fragments of XcGV ~) hybridized strongly to one or more PuGV fragments and three (containing the EcoRI K, M and T fragments) hybridized very weakly or not at all (Fig. 4 and data not shown).
Discussion
Restriction endonuclease analysis has been widely used to identify virus strains and to detect variants of baculoviruses. Although most of these reports have concerned NPVs (Smith & Summers, 1978 Vlak & Gr6ner, i980; Mclntosh & Ignoffo, 1983; Harvey & Tanada, 1985; Maeda & Majima, 1990) , there have been a small number of reports about GV variants within a few host species, specifically P. interpunctella, Choristoneura spp., Artogeia (= Pieris) spp. and C. pomonella (Tweeten et al., 1980; Crook et al., 1985; Arif et al., 1986; Crook, 1986) . However, of these the physical maps of only two GVs, ArGV and CpGV and their variants, have been constructed (Crook et al., 1985; Dwyer & Granados, 1987; Smith & Crook, 1988a) . These variants were isolated from the same species in different regions and/or from closely related species in the same genus.
In this report, we have identified six different noctuid species, X. c-nigrum, A. gamma, H. amurensis, C. leucostigma, A. pallens and P. separata, belonging to different genera as hosts of GVs in Hokkaido, Japan. GVs have not previously been identified in A. gamma, H. amurensis, C. leucostigma and A. pallens . Initially, we assumed that our isolates were separate viruses, because GVs are considered to be highly host-specific (Ignoffo, 1968; David, 1978) and these host species are not closely related to each other. Despite this initial assumption, we noticed that the isolates showed similarities in some morphological characteristics and that they all infected X. c-nigrum larvae, indicating the possibility of crosstransmission. Chang & Tanada (1978) reported that the synergistic (Hawaiian) strain of P. unipuncta GV could be cross-transmitted to S. exigua, Autographa californica and T. ni; Tanada & Omi (1974) reported that GV isolates obtained from several species of larvae in alfalfa fields were infectious for four of the five test insects, although identification of isolates was not conclusive. Thus, we decided to use restriction endonuclease analysis of viral DNA to evaluate whether our isolates had distinct genotypes.
Comparison of the restriction endonuclease profiles revealed that all of our isolates were nearly identical, even though they originated from different species. The size of the genome of these isolates was about 180 kbp, much larger than the size of ArGV (Smith & Crook, 1988 a) and CpGV (Crook et al., 1985) , but similar to that of TnGV (Smith & Summers, 1982) . Comparison of the physical maps of the isolates showed that the differences in restriction endonuclease profiles resulted from the addition or loss of restriction sites, and from small DNA deletions or insertions. These types of change have been commonly observed in GV variants isolated from A. rapae and closely related species (Smith & Crook, 1988a, b) , and from C. pomonella (Crook et al., 1985) .
Additional restriction endonuclease analysis of another 12 XcGV isolates, which were obtained from X. c-nigrum larvae collected in the field, indicated that the degree of genomic variation among GV isolates obtained from the same host species was similar to that among GV isolates obtained from different noctuid species (unpublished results). These observations suggest that the genomic variability of this GV is not related to differences in the host species.
From these results, we conclude that all isolates are variants of one virus, designated XcGV, and that XcGV has a rather wide host range for a GV. In Hokkaido, X. c-nigrum and A. gamma are common species. Larval mortality caused by GV is 10 to 30~ in third to fifth instar X. c-nigrum and A. gamma larvae, but the population density and extent of GV infection in C. leucostigma, H. amurensis, A. pallens and P. separata larvae are much lower than in these species (Goto et al., 1985; C. Goto & H. Tsutsui, unpublished data) . It is likely that XcGV replicates mainly in X. c-nigrum and A. gamma and occasionally infects other species in Hokkaido.
Although there have been repeated calls to base the classification of baculoviruses on genotype and not on their host of origin (Miller & Dawes, 1978; Smith & Summers, 1979; Gettig & McCarthy, 1982; Possee & Kelly, 1988) , there has been relatively little need to do so for GVs because all GVs studied appeared to be relatively host-specific under natural conditions. Genetic evidence of the occurrence of cross-transmission of a GV under natural conditions provides more compelling evidence for changing the basis of GV classification. In particular, our results demonstrate the necessity of detailed molecular characterization of GV isolates to assess their relatedness to each other and to known strains.
There have been reports that the organization of the genome of NPVs is relatively conserved, even among viruses showing little DNA similarity or with substantial differences in restriction endonuclease profiles and physical maps (Leisy et al., 1984; Possee & Kelly, 1988; Maeda & Majima, 1990) . Our restriction endonuclease profiles of the genomes of PuGV and XcGV were quite dissimilar, with very few comigrating fragments; at the same time, similarity between these two viruses appeared to be rather high in a large proportion of their genomes, as determined from preliminary hybridization analysis using the XcGV library. These two viruses have some characters in common, such as synergistic activity with NPVs (Tanada, 1985; Goto, 1990) , an apparently wide host range (Chang & Tanada, 1978) , and at least one common host species, P. separata (Hukuhara et al., 1987) . Genetic comparisons between these two viruses will provide useful and interesting information about the biology and utilization of GVs.
